atmosphere system, soil moisture has a long memory (Pielke et al 1999 , Wu et al 2002 . The climatic anomalies persist because the memory of soil moisture is considerably longer than that of the atmospheric processes with which it interacts.
Soil moisture can impact the exchange of energy and hydrological flux at the land surface boundary by changing the surface albedo and soil thermal properties.
Surface albedo is an important factor in climate modeling and weather forecasting (Betts and Ball 1997) . Albedo is the fraction of incident radiation that is reflected from the surface. In the physical climate system, albedo determines the radiation balance of the surface that affects the surface temperature and botmdarylayer surface of the atmosphere. The earth's climate is very sensitive to the changes in the surface albedo. Enor in the specification of soil albedo may cause biases in the computation of ground temperature and surface fluxes. Albedo directly controls the partitioning of radiation energy over land surfaces, which in tum, affects ecosystem physical, physiological, and biogeochemical processes such as energy balance, evapotranspiration, photosynthesis, and respiration (Wang et al 2002 a, b) . It is important for the improvement of description of the land surface processes to investigate diurnal and seasonal changes of surface albedo. Charney (1975) discussed the effect of change in surface albedo on the drought of Sahara Desert by using a general circulation model. He proposed that change of albedo is an important factor in maintaining or creating deserts and may be peltinent to drought conditions in the Sahel. He postulates a bio-geophysical feedback mechanism in which lack of rainfall leading to a lack of vegetation results in a higher surface albedo, the consequent radiation deficiency requires sinking motion to maintain the heat balance and this leads to additional drying and thus to a continuation of desert conditions. The surface albedo has a negative effect on moisture flux convergences and rainfall, and desertification results generally in droughts by a positive feedback between land and atmosphere caused by high surface albedo. As expected from Charney's hypothesis on the maintenance of deserts, the use of more realistic albedos tends to transfer rainfall from regions of higher albedo to regions of lower albedo (Cunnington and Rowntree 1986) . Idso et al (1975) showed in a pioneering field study that bare soil albedo is a linear function of the water content of the uppermost layers of the soil. His work has been challenged by more recent studies which indicated that, for many soil types, a non-linear exponential relationship is more appropriate to depict the dependence of bare soil albedo on water content. Wang et al (2005) has analysed seasonal variation of the surface albedo in the Tibetan Plateau semi-desert surface and pointed out that the surface albedo decreases when the soil moisture content increases, which shows the typical exponential relation between surface albedo and soil moisture. Zhang and Huang (2004) investigated the diurnal change of the surface albedo in Dunhuang Gobi, the arid area in summer. The albedo of the dry soil surface is fOlmd much larger than that of the wet soil surface just after precipitation. Liu et al demonstrates that implementing the effect of soil moisture on bare soil albedo importantly influences the surface fluxes at the monthly and annual scale. They proposed that the effect of the bare soil albedo variability needs to be further investigated in other regions, especially in areas where the soil moisture exerts a strong influence on precipitation variability, viz., the Sahel region (Koster et aI2004).
In this study, a series of one-year continuous hourly measurements 
Data and method
The geographical description of the experimental site is given in Chapter 2, which includes the details such as latitude, longitude and altitude from mean sea level.
The details of the experimental site and type of soil were also given in Chapter 2. Soil temperature at depths of 0.05 and 0.10 m and incident solar radiation and reflected solar rad~ation were recorded at one-hour interval using hydro-meteorological data acquisition system installed at the observational site. Unf011unately data for the month of April 2008 is missing due to technical reasons. This study also utilizes the rainfall data taken from India Meteorological Depal1ment, Thiruvananthapuram, adjacent to the Observatory.
Surface albedo
The incident solar radiation and reflected solar radiation are recorded at one hour interval using hydro-meteorological data acquisition system installed at the observational site. Land surface albedo (a) is calculated from measurements of the Sh011 wave radiation components as:
where SII is the total upward solar radiation (reflected solar radiation) and Sd is the total downward solar radiation reaching the surface.
Surface albedo is generally influenced by soil colour, surface roughness, soil moisture, solar elevation angle, snow cover, and so on (Zhang et al 2003) . Solar elevation angle and soil moisture al'e the two main factors which influence the albedo (Li and Hu 2009),
Solar elevation angle
The elevation al1g1e (used interchal1geably with altitude angle) is the angulal' height of the sun in the sky measured from the horizontal. Confusingly, both altitude 57 and elevation are also used to describe the height in meters above sea level. The elevation is 0°at sunrise and 90°when the sun is directly overhead (which occurs for example at the equator on the spring and fall equinoxes). The zenith angle is similar to the elevation angle but it is measured from the vertical rather than from the horizontal, thus making the zenith angle = 90°-elevation. • <D is the local latitude
Soil moistu re
Soil moisture at the surface and at depths of 0.10, 0.20, 0.30, and 0.50 m recorded at one hour interval using the hydro-meteorological data acquisition system at the experimental site was used for the analysis.
Results and discussion

Monthly and seasonal cycle of soil moisture
Soil moisture in the unsaturated zone near the soil surface plays a critical role .
111 partitioning precipitation into surface runoff, evaporation, and groundwater recharge. Simultaneously, soil moisture affects the conversion of incoming solar and atmospheric radiation into sensible, latent and radiant heat losses. Along with solar radiation and soil nutrients, the availability of soil moisture is the key to plant growth and production of crops. As such, soil moisture is not only important to agriculture but may also potentially affect the global climate and is therefore considered as a critical area for global climate change studies (Kerr et al2001; Entekbabi et al2004). To study the seasonal variations of soil moisture in relationship with the rainfall, seasonal mean of soil moisture and the corresponding total rainfall is plotted (figure 3.3). The seasonal average soil moisture content values in different soil layers were found to range between 16.16% to 25.94% during winter, 18.06% to 27.52% during pre-monsoon, 27.62% to 38.02% during SW monsoon and 27.10% to 36.75% dming NE monsoon seasons respectively. The cOlTesponding total rainfall is 9.57 cm, 43.11 cm, 71.66 cm and 60.25 cm respectively. It is found that variation in rainfall in different seasons causes the variation in soil moisture. In the rainy monsoon seasons (SW monsoon and NE monsoon), the soil is wetter than the dry seasons (winter and pre-monsoon). Even though the rainfall is minimum during winter, the soil possesses average moisture in between 16.16% to 25.94%. Since the winter season follows rainy seasons, soil moisture conditions during winter themselves reflect past occun-ence of rainfall. The monthly averaged soil moisture is higher for deeper layer than the surface layer. This may be due to the rapid evaporation of soil moisture from the surface layer. The soil also supports water movement to the deeper layers. The presence of more moisture content at deeper levels was noticed while digging for installing the sensors. The moisture kept near the soil surface may start being transported down into the soil as well as into the atmosphere when the solar radiation hits the surface. The moisture content in the atmosphere and that in the soil ate closely related to each other through the evaporation from the soil surface. The variation of water vapour content in the air adjacent to the soil surface was not available to investigate this relationship.
To investigate how the available moisture at the surface is depleted, we selected twenty three consecutive days from October 20 to November 11, 2008. Out of these twenty three days, the first eight days (October 20-27) and the last three days (November 9 -November 11) were rainy days. The days from October 28 to November 8 were non-rainy days. There were considerable amount of rainfall at the starting of the observational days. The total rainfall from October 20 to 27 are 56.44 mm, 36.1 mm, 67.6 rnm, 23.6 mm, 18.6 mrn, 43.7 mm, 26.6 mm and 0.2 mm respectively. Figure 3 .4 illustrates the drying cycle after the rainfall event. The rainfall reaches its minimum on November 8; it was recharged after the November 9th rainfall event. From figure, it is seen that towards the end of the non-rainy days, the surface layer become more and more dry. During the next rainy days from 9th November to lIth November (with total rainfall 24.5 rnm, 53.3 rnm, 20 rnm), the moisture content in the upper layer increases significantly as seen in the figure.
The state of soil moisture, as described by the level of saturation in the upper soil layer relative to the soil field capacity, is regulated by rainfall and potential evaporation. Both of these atmospheric forcing exerts significant control on the evolution of the soil moisture state and appear explicitly in the soil water balance 
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Diurnal variations of soil moisture
To study the diurnal variations in soil moisture at different seasons, seasonal mean of diurnal soil moisture at different depths were calculated. Figure   3 . (2009) . The daily amplitude at 0.05 m is greatest but is found to be too small.
The soil moisture at 5 cm is not the maximum of all the depths. The diurnal variation reaches its minimum around 0800 LST and maximum around 1600 LST.
We observed that soil water content varied greatly in the rainy season and less in the dry season. It is natural to suspect that this pattern might be greatly related to precipitation and evaporation.
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Time ( To demo'nstrate the influence of rainfall on the diurnal cycle of soil moisture, three consecutive rainy (October 20-22) and non-rainy (November 3 -5) days are used. As evident from figure 3.6, during rain free days, the diurnal variability is not strong. On October 20, the soil moisture goes on increasing due to continuous rainfall.
On October 21, based on rainfall observations recorded at the site, rainfall occurred after 1900 LST, causing a significant change in moisture content. On October 22 also, considerable rainfall occurred around 0500 LST and 1800 LST resulting in notable change in diurnal soil moisture. The moisture on rainy days is observed to be very high as compared to non-rainy days. Similar results were reported by Sun and Pinker (2004) . Local time (hr) Figure 3 .6 Diurnal variation of soil moisture on rainy and non-rainy days
The solar elevation angle dependence of surface albedo
Surface albedo is an important parameter influencing the Earth's climate, since it directly affects the solar energy absorbed by the surface, which in turn modifies, through feedback processes, the various components of the climate system (Li and Garand 1994). Albedo regulates how much shol1wave solar energy is absorbed by the earth surface. In most land surface models, the bare soil albedo is assumed to be a function of soil colour and soil moisture but independent of solar elevation angle.
Variation of soil colour greatly changes the surface albedo. Black/white soil can absorb/reflect all the solar radiation in the visible spectrum and it corresponds to the smallest/largest albedo respectively. The colour of real soil is usually grey but its albedo changes with its level of grey. However, the local soil colour usually maintains the same grey level over time, so the variability of soil colour is not considered as a factor in determination of the local surface albedo in this study.
To study the impact of soil moisture on surface albedo, it is necessary to first examine the influence of solar elevation angle on the surface albedo. To do this, day time hourly albedo is calculated using 
Surface albedo and soil moisture
The role of soil moistme conditions in regulating surface albedo is important for weather forecasting, climate projection and ecosystem modeling. Basic radiation Physics suggests that water absorbs significantly more solar radiation than dry soil.
As a result, absorption of solar radiation increases with the relative fraction of water in any'mixture of soil and water. Daily mean surface albedo has obvious seasonal variation also, while it is small in SW monsoon and NE monsoon, and large in pre-monsoon and winter.
During monsoon, each rainfall event corresponds to the decrease of the daily mean smface albedo because soil moisture increased after rainfall.
In this work, we have s.elected the s.oil moisture data corresponding to the surface albedo data. The daily average albedo calculated from solar elevation angle larger than 40°can be used to study its variation with soil moisture without introducing significant errors. Under wet soil moisture conditions, both components of net radiation are enhanced, resulting in a larger total flux of heat from surface into the boundary layer.
Thus, the variability in soil moisture conditions over a large region may influence atmospheric conditions and in particular those boundary layer conditions that are important for rainfall processes.
Diurnal variations of surface albedo
The diurnal variation, driven by solar forcing, is a ftmdamental mode in the Earth's weather and climate system (Xie et al 2010) . Albedo is an instantaneous, diurnal, seasonal or annual expression of the relationship between solar radiation and the earth-atmosphere interface. In most radiation transfer models, the diurnal variation of surface albedo is assumed to be symmetric and parabolic and forced by the diurnal variation of zenith angle. High values occur near sunrise and sunset, with the minima near solar noon. However, in many cases, the diurnal variation of surface albedo is not symmetric. There are a number of studies reporting and characterizing asymmetrical albedos (Nkemdirim 1972; Arnfield 1975; Minnis et a11997; Prata et al 1998; Song 1998; Grant et aI2000) . et al (1997) pointed that surface moisture has a significant effect and can chan·ge the aJbedo by 10% at a given solar zenith angle between the moming and afternoon. The location chosen for the study may be influenced also by the sea breeze effects and it may cause an asymmetry in clear day albedo. As there were no simultaneous measurements of sea breeze data carried out at the station, the effect of sea breeze on moisture and hence the albedo could not be included. The reflectivity of water is very small, and the water surrolmding soil particles increases the absorbing path of sunlight, so the larger the soil moisture is, the smaller the albedo. Meanwhile, the soil moisture and the solar altitude angle not only have obvious diurnal variations but also remarkably influence the climate. Therefore, it is necessary to parameterize the surface albedo by using the solar altitude angle and the soil moisture to satisfy the physical requirements in land surface processes models.
Monthly variation of diurnal albedo
The determination of albedo values is extremely important in study of energy balances of underlying surfaces because this indirectly enables determination of the quantity of heat absorbed by the underlying surface. The diurnal albedo trends are influenced by both atmosphere and surface conditions. The monthly-average diurnal variation is different in annual cycle due to climate conditions at that year.
The diurnal variation of the albedo needs to be examined over many types of surfaces to provide a better understanding of controls on the symmetrical trends. This is important as albedo studies may serve to confilm satellite measurements, and are employed in climate modeling over a range of special and temporal scales. • The monthly averaged soil moisture is found higher for deeper layer than the surface layer. The soil supports rapid evaporation from the surface layer. Thus, the water content of the top soil layer has a significant role in the partition of net radiation at the surface into sensible and latent heat fluxes.
• The seasonal mean of diurnal soil moisture at different depths are analysed. In all the seasons, the amplitude of the moisture variation is found to decrease with depth. The daily amplitude at 0.05 m is greatest but is found to be too small. The diurnal variation at 0.20, 0.30 and 0.50 m do not have obvious changes in contrast to the shallow layer. The diurnal variation reaches its minimum around 0800 LST and maximum around 1600 LSI.
• The influence of solar elevation angle on surface albedo is investigated. It is found that the effect of solar elevation angle on surface albedo is small enough to be omitted when the solar elevation angle varies from 40°to 90°. • The daily average surface albedo and daily average soil moisture content is analysed for one year. It is found that surface albedo varies inversely with soil moisture. The daily mean surface albedo has obvious seasonal variation, while it is small in SW monsoon and NE monsoon, and large in pre-monsoon and winter.
• The surface albedo decreases when the moisture content increases, which shows the exponential relation between surface albedo and soil moisture, a =0.2106+0.1762exp(-Ws/9.321)
The bare soil albedo is still set constant in some land surface models.
The dependence of surface albedo on soil moisture needs to be considered in land surface modeling. It is for the first time the relationship between surface albedo and soil moisture is obtained in eastern tropical region.
• The negative relation between soil water content and albedo implies that wet soil moisture condition would tend to enhance net solar radiation at the surface. The proposal that wet soil moisture condition enhance net radiation has important implications on the land surface energy balance.
• The albedo measurements can be used to estimate the water content of surface of the soil. Instrumentation for albedo measurement is widely available and should allow many investigators to use this approach in evaporation studies.
• The diurnal variation of surface albedo appears as a U shape curve on a sunny day. It is not symmetrical about midday. The forenoon values of albedo are found as lower than the afternoon values for similar solar elevation angle. A relationslllp between the albedo and the solar altitude angle is fitted using the data that are not influenced by precipitation. It is a = 0.2524 + 0.0113 x (12 -t'oca,)2
• The monthly-average diurnal variation looks like "U" shape curve. The diurnal variation has an obvious seasonal variation due to climate conditions at that year.
